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0 Immunoattmulatory ramadlaa containing palindromic DNA aaquancas. 

0 Single-stranded, linear polydeoxyribonuclectides with a base number of 10 to 100 containing at least one 
structure represented by the lolkjwing general formula: 



5'-X„- • •X3X2X, YtY2Y3- • -Y^-y (I) 
( wherein n is an irtfoger firom 3 to 50; Xt. X2, X3. 



Xn and Yi, Y2, Ya, 



Yn are each a 



monodeoxyribonu6leotidr» Xi. X3. X3/* * and Xn may be the same or different nucleotides; and bases in Xi and 
Yi. In Xj and Ya, jn Xa aid Ya, in and in X„ and Y„ are complementary with each other as defined by 
Watson & Crick ), and double-stranded, linear polydeoxyribonucleotides, in which at least one single-stranded, 
linear polydeoxyribonuciaotkle contains at least one structure represented by the general formula (0. both show 
strong immunostlmulatory activity. 

Thus, remedies containing, as activa ingrecfient. such a specific polydeoxyribonuleotide as dsecribed above, 
or a salt thereof, are efficacious against malignant tumors, infectious diseases, immunodeficiency diseases and 
autoimmune diseases, with minimized side-effects. 
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TWs mwentlon ratoto to immunostimulatory remedies capable of arresting and curing cHiwages 
susceptibte to medteines having immunopharmacologicaJ actfvrty. such as malignant tumors, infectious 
diseases, immunodefldency diseases and autoimmune diseases, by modifying the function of the immune 
system, 

5 Bacterial prepartttons, polysaccharides, a variety of lov^molecular compounds such as ievamisote, and 
various cytokines such as interferon, have been used or investigated as the immunostimulatory remedies 
against malignant tumors, infectious diseases, immunodeficiency diseases and autoimmune diseases. 
However, these remedies do not exhibit satisfactory therapeutic effects and cause a variety of unfavorable 
side effects. Hence, there has been a demand for highly efficacious remedies with minimized side effects. 

10 On the other hand, some attempts have also been made to apply nucleic acids to the above purposes. 
The complex of polyinosinic acid and polycytidylic acid, which is a synthetic polyribonuieotide ( hereinafter 
abbreviated as RNA ), enhances the activity of mouse natural kilter cells ( hereinafter abbreviated as NK 
cells ) which are members of the immune system, and promotes the production of interferon ( hereinafter 
abbreviated as IFN ) which is a regulatory substance in the immune system. It was also proved to be 

;5 effteacious against experimental tumors presumably by immunological mechani3m(s). 
Djeu. J.Y.. et al.; J. Immunol.. 1^. 175-181 ( 1979 ) 
Levy, H.B.. et al.; Proc. Natl. Acad. Sci. U.SA. 62. 357-381 ( 1969 ) 

It was reported that a complex of polyadenyHc acid and polyuridyllc acid ( a synthette RNA ) is also 
efficacious against experimental tumors. 

20 Ucour. F.. et al.; Cancer Res., % 848-849 ( 1972 ) 

However, these RNAs also cause marked side effects, such as fever, and hence have not yet been put 
into practical use. 

The present inventors fomnerly discovered that synthetk: polydeoxyribonucleotides ( hereinafter abbre* 
viated as DNAs ) have immunopharmacological activity and are efficacious against malignant tumors as 
25 synthetic RNAs are. ( Japanese Patent Kokai No.33222/1984 ). Unlike the synthetk: RNAs. these synthetto. 
DNAs may presumably be useful remedies because of their minimized side effects, such as fever, but 
involve the following problems. 

(1) Tlie molecular weight must be high ( 30000 Da or more ) to ensure a satisfactory phannacotogical 
activity, and this requires enrymatk: synthesis. The products thus obtained, when used as a drug, can 

30 contain enzymes left unremoved and are very unsatisfactory in terms of safety. 

(2) It is difficult by enzymatic synthesis to accurately control the molecular-weight distribution of the 
products, and hence the molecular-weight distribution is generally different among productkxi tots. This 
is unfavorable in terms of specification setting for drugs. 

Accordingly, when a DNA Is emptoyed as a drug, it is most desirable to adopt the one prepared by 
35 Chemical synthesis without using any enzyme, but it is difficult to synthesize a Df^ having a molecular 
weight of 30000 Da or more at the present technological level. 

On the other hand, tow-molecular DNAs which can be easily synthesized chemteaily are generally tow 
in pharmacotogical activity and are not generally useful as drugs. 

The object of this inverttion is to provide immunostimulatory remedies containir)g. as the active 
40 ingredient a chemicalty prepared DNA. which are high in safety and exhibit enhanced effteacy and 
usefulness as drugs. 

To solve ttm problems described above, the present inventors had continued Intensive studies by 
synthesizing DM» with various base sequences, and found that DNAs carrying a specific kind of base 
sequences ha w yong Immunostimulatory activity. This invention was accomplished on the basis of these 
46 findings. , " 

Thus, this inventton relates to immunostimutatory remedies containing, as the active ingredient, a 
single-stranded, linear polydeoxyribonucleotlde with a base number of 10 to 100 containing at least one 
structure represented by the following general fomnula: 

50 5'.X,**'X3X2X,Y,Y2Y3''*y„.3' (1) 

( wherein n is an integer from 3 to 50; Xi, X2. Xa.**' . X„ and Yi. Ya. y^,*** , Y„ are each a 
monodeoxyribonucleotide; Xi. Xa, X3, • • 'and X„ may be the same or different nucleotides; and bases in 
Xi and Yi. in Xs and Yj, in Xa and Yj. in and in X^ and Y„ are complementary with each other as 
55 defined by Watson & Crick ) or a salt thereof, and to immunostimulatory remedies containing, as the active 
ingredient, a double-stranded, linear polydeoxyribonucleotlde or a salt thereof, in which at least one single- 
stranded, linear polydeoxyribonucleotide contains at least one structure represented by the general fonnula 
(I). 



2 



EP0468820A2 



Ihm stnidure repreaantad by the general fbrmula (I) of this invention ia a sequence of nr>onodeox- 
yrlbomicieotldes caM palindromic staicture, in which Xi and Yi , Xa and Ya, Xa.and Yi/** , and X„ and 
Y„ are complementvy with each other as defined by Watson & Crick. A palindromic structure generally 
meara one ol th» symmetric structures found in a double-stranded DNA, and these structures are the 
recognition site tor many kinds of restrictkin enzymes. In this inventkxi. this structural nomenclature 
conrwfwnly emptoyed for double-stranded DMAs Is used also for single-stranded DMAs, for convenience, 
and the structure represented by the general formula (I) is hereinafter called the palindrome structure or 
paindromes. 

What is to be noticed here is that the single- or dou*ble-stranded DNAs which are entirely composed of 
alternately repeated sequence of only two types of monodeoxynucleotides ( for example, G and C, or A and 
T ) cannot achieve the purpose of this invention, "n" in the general formula (I) is an integer from 3 to 50. 

The following sequences are examples of the desirable stnxture of the present inventton.wherein G is a 
deoxyguanylic add, A is a deoxyadenylk; ackl, C is a deoxycytidylic acid and T is a deoxythymidylic acid, 
and wherein the left side is 5*-terminal and the right side is 3'-terminal in each sequence: 



GAGCTC, TAGCTA, AGGCCT, CATATG, TGTACA, GTTAAC, GATATC, 
GGGCCC, TTGCAA ( n = 3 ) 

GTAGCTAC^ AAGGCCTT, GGATATCC, CAGGCCTG, GCATATGC, GTGTACAC^ 
AGTTAACT ( n = 4 ) 

AGTAGCTACT, GAAGGCCTTC, AGGATATCCT, GCAGGCCTGC^ 
AGCATATGCT (n«5) 



To achieve the purpose of this invention, it is more desirable that one or more of the 5'-CG-3' structure 
be included in the structure represented by the general formula (I). As examples of such a structure, may 
be mentioned the following sequences: 

CGATCG, ATCGAT, TCGCGA, AACGTT, GCGCGC, CGTACG, AGCGCT, 
CGGCCG, GACGTC, GTCGAC, CGCGCG, ACGCGT, CACGTG ( n =» 3 ) 



ACGATCGT^ GATCGATC, ATCGCGAT, CAACGTTG, AGCGCGCT, ACGTACGT, 
TAGCGCTAv ACGGCCGT, CGACGTCG, CGTCGACG ( n = 4 ) 



GACGATCGTC, CGATCGATCG, GATCGCGATC, GCAACGTTGC, 
CAGCGCGCTG, GACGTACGTC, CTAGCGCTAG, GACGGCCGTC, ACGACGTCGT, 
ACGTCGACGT, ACAACGTTGT (n=5) 

The single-stranded, linear DNA of this inventton is an unbrarx:hed DNA molecule in which each of the 
component nrKmodeoxyribonucleotides is linked to the adjacent monodeoxyribonycleotkle through a(5*-3'] 
phosphodiester bond. The single-stranded, linear DNAs carrying less than six bases, which fait to satisfy the 
general formula (I), are not satisfactory. As may be apparent from the Examples described later, the longer 
the chain length of single-stranded, linear DNA, the better will be the result However, the purpose of this 
invention may be sufficiently achieved with a DNA with a base number in the range from X) to 100, because 
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synthosit beoomes mora dHTtetift with increasing chan length and the activfty is enhanced very ^tohth with 
base number mort llMn 49. 

^^'^tf^;^*^ «ne«r DNAs contain at least one sequence represented by the general fonnula 
(I), and those contaMng two or more of such sequences may also be used, as required. In the latter case, 
the sequences contained may be the same with or different from each other, and there may be an 
intefvening sequence < or sequences ) between thes sequences. The sequences other than those of formula 
(I) In the single-stranded, linear DMAs may be of any type, but should most preferably be a repeated 
structure of deoxyguanylic acid as shown in the Examples described later. 

If the entire base sequence of the single-stranded, linear DNAs is composed of alternately repeated 
sequence of only two kinds of monodeoxyribonucleotides. such as GC and AT. the purpose of this invention 
cannot be achieved as shown in the Examples. Hence, the base number of the DNAs should be in the 
range from 6 to 100. preferably from K) to 100. most preferably from K) to 80. DNAs with base numbers 
exceeding 100 should be avoided because chemical synthesis of such DNAs is drfficutt. 

Double-stranded, linear DNA is a double helical complex composed of a single-stranded, linear DNA as 
described above [DNA(A)] and a second single-stranded, linear DNA [ DNA(B)1 with base sequence which 
are jartiaily or completely complementary with those of DNA(A). Either DNA(A), DNA(B) or the both must 
contain at least one sequence represented by the general fonnula (I). Such double-stranded, linear DNAs 
alone have the same immunostimulatory activity as single-stranded, linear DNAs do as shown in the 
Examples described later. 

Needless to say. mixtures of a single-stranded linear DNA and a double-stranded, linear DNA are also 
included In this invention. 

Single-stranded, linear DNAs can be synthesized by known methods using for instance a DNA 
synthesizer (for example, Model 3608 of Applied Bkwystems ) and, as substrate, deoxynudeoside-/»- 
cyanoettiylphosphamidlte ( for example, a product of MiliGen/Btosearch, DIviston of Mnipore ). The DNAs 
thus syntiiesized may be used as such, or may be purified, as required, by removing the by-products and 
unreacted substances to give products of hl^ purity. For a simple example of such purification process, 
the salt of DNA fonned is precipitated from Its solution by addition of two times ttie volume of coW ethanol: 
the dried precipitate is dissolved in water a in a neutral buffer solution containing a physiologicai 
concentration of an inorganic salt; and the solution ttius obtained is used as a remedy. It Is more preferable 
to purify the synthesized DNA by electrophoresis on a polyacrylamide gel or by column chromatography, 
because DNA witti the desired base sequence is ttius obtained at a higher purity. Use of otiier methods for 
chemical synthesis of DNA. such as phosphotriester method, may also give the same desirable result as 
herein described. Thus, ttie phamiacologicai activity of ttw single-stranded, llnev DNAs of this invention 
depends only upon the base sequence and not upon ttte mettKXl of synthesis. 

Double-stranded, linear DNAs can be obtained, for example, by tiw known method in which equimolar 
amounts of single-stranded, linear DNA(A) and DNA(B) as described above are mixed, heated and cooled. 
Another known method may also be used, in whfch a double-stranded, linear DNA is obtained by the use of 
a DNA polymerase using DNA(A) as the template. 

These DNAs may also be used in the fonm of medfeinally approved salts. For example, sodti^n salts 
can be obtained by adding sodium hydroxide to an aqueous solution of DNA of this invention to adjust the 
pH to 7. foHowed by lyophilzatfon. These DNAs may also be used as a complex with a polycatfonte 
compound, such as poly-L-lysine ( hereinafter abbreviated as PLL ). Such complex can be prepared, for 
example, by mbcing an aqueous solution of DNA of this invention with an aqueous solution of PLL so that 
ttie Df4A-PLL w elflfir rati o wil be about 4:3. 

The immuno^mulalory remedies of this invention may be used atone or in combination with other 
ttwrapeutic mesne against such diseases ttie outbreak of whfch can be suppressed, or ttie progress of 
which can be anrested or delayed, by ttie functions of the immune system. As examples of such dtseases, 
may be mentioned, among others, malignant tumors, autoimmune diseases, immunodeficiency dseases 
and Infectious diseases. Malignant tumors are diseases such as gastric cancer, cotorectat cancer, breast 
cancer, skin cancer, liver cancer, uterine cancer, reticutosarcomas, lymphosarcomas, leukemias, lym- 
phomas and like diseases. Autoimmune diseases are ttie diseases which are considered to result f^om 
impaired self-recognizing function of ttie immune system, such as rheumatoid arttiritis, SLE. juvenile onset 
diabetes, multiple sclerosis, autoimmwie hemolytic anemia and myasttienia gravis, which are considered to 
be effectively cured by drugs having immunophanmacological activity. Infectious diseases are ttie diseases 
caused by infection witti bateria, viruses or protozoans, and are considered to be effectively cured by drugs 
having Immunopharmacological activity ( such as interferon ). As shown in ttie Examples described later, 
DNAs of ttiis invention are capable of inducing interferon and are tfierefore expected to effectively cure 
infectious diseases, especially viral diseases. Immunodeficiency diseases are the diseases in which ttie 
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functions of immuno systam ara suppressed or lost such as aoammaolobuNnemia and acquired im- 
munodeficiency syndromes. Among the patients of tfiese diseases, the morbidity of infectious diseases and 
mali^iant tumors is high, thus adversely affecting recuperation. DNAs of this invention, which are 
efficactous against maiignant tumors arxj are also capable of inducing interferon, are expected to encourage 

5 the recuperation of the patients suffering immunodeficiency diseases by curing the mafignant tumors and 
infectious diseases wf^ch are likely to concur in these patients. 

Single- and double-stranded, linear DNAs of this invention may be ac^inisterd to animal and human 
txxlies sutxutaneously. Intravenously, intramuscularly, Intratumorally, orally or into the' rectum, and the 
suitable administration route should be selected case by case depending on the type of disease and the 

10 conditions of the patient. For example, Intratumoral or subcutaneous administration is preferable in the case 
of malignant tumors. The proper dose to humans is I to 1000 mg/day when administered Into the rectum or 
orally, and 0.01 to 100 mg/day when administered subcutaneously, intravenously, intratumorally or in- 
tramuscularly. Administration should be repeated once or twice per one to seven days, preferably once per 
one or .two days, and the frequency of administration may be varied arul the period of administration may 

75 be furttier prolonged, as required. 

When administering single- or double-stranded, linear DNAs of this invention to animal and huma n 
bodies subcutaneously, intravenously. Intramuscularly or Intratumorally. it is preferable lo appply it in the 
form of an injection prepared by dissolving the ONA in an aqueous solution which is nearly neutral ( pH 5 to 
8 ) with a physiological osmotic pressure. As examples of such an aqueous solution, may be mentioned the 

20 isotonic sodium chloride solution specified in Pharmacopoeia of Japan, and aqueous solutions containing . 
sails, compounds, additives or diluents medicinally approved. The single- and double-stranded, linear DNAs 
of this Invention may be used as an injection either In the form of an aqueous solution as described above 
or in the form of solid obtained by tyophylizing the same. f 
The single- and double-stranded, linear DNAs of this Invention, wtien orally administered t oanlmai and i 

25 human txxiie s, may be used in the form of capsules, grarxites, pills, fine granules, tablets or syrup, as in ttw ^ 
case of common drugs. ^ 

The fact that a specific base sequence in a DNA molecule has an important effect upon its 
immunostimulatory activity has not been known at all. and this is a completely new finding. 

DNAs of this invention enhance the production of interferon and macrophage activating factor, thus 

30 activating NK cells and macrophages, also enhance the production of colony-stimulating factor, promote the 
proliferation of lymphocytes, and are therefore consklered to exhibit a wide range of immunostimulatory 
activity. In addition, these DNAs proved to be very efficacious remedies against experimental tumors, and 
experimental models for immunodeficiency diseases and for autoimmune diseases, through their im- 
munostimulatory activity. Furthermore, the acute toxicity of these DNAs is much tower than that of synthetic 

35 RNA; ttius these DNAs are expected to be highly efficacious and useful remedies against malignant tumors, 
various auto-immune diseases, immunodeficiency diseases and tnfecttous diseases. 

EXAMPLES 

40 Detailed betow are Test Methods and Examples, in which guanine, adenine, cytosine and thymine ( 
bases contaif>ed in nucleic ackto ) are abbreviated as G, A, C and T, respectively, and the nucleotide 
sequence in each DNA molecule is represented so that ttie left side is 5'-terminal and tiie right side is 3'- 
terminal. The base sequence in each DNA used in the Examples is shown in the Sequence List appended 
at the end of this specificatioft. The complex of polyinosinic ackJ end polycytidytic acid ( hereinafter 

45 abbreviated as poiyl:C ), which is a symhetic RNA used as the control remedy, was purchased from 
Yamasa Shoyu. 

Test MettKxJ 1 ( tn-vitro tests on the augmentation of mouse NK-cell activity, on tt)e production of interferon, 
and on the production of macrophage activating factor" ) 

50 

The tests were performed according to the known method described in the following nterature: 

Yamamoto. S., et al.; Jpn. J. Cancer Res., 79. 866-873 ( 1988 ) 
provided tiiat ttie NK-cell activity was measured by a four-hour ''Cr release assay using YAC-I cells as 
targets, and the result was expressed by the average of triplicate measurements and the standard deviation. 
55 The effector to target ratio was 100:1 unless othenwise stated. 

Test Mettiod 2 ( Titration of cotony-stimulating factor ) 
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The titer of cotoo y -qtimuiatfnQ factor in the serum of female BALB/C mouse to which DNA had been 
administerecl was manured by the known method described in the following literature: 
Bradley. T.R. &.M9tca«f, 0.; J. Exp. Biol. Med. Set., 44. 287-300 ( 1966 ) 

5 Test Method 3 ( Measurement of the actMty to enhance the proliferation of lymphocytes ) 

BALB/C mice ( female, six weeks old, specific pathogen-free ) purchased were bred for at least one 
day, and a solution of DNA in PBS was administered subcutaneously. These test animals were killed by 
cenAcal dislocation after one. two, three or seven days. Spleens were immediately removed aseptically, 

to transferred to HBSS containing 2% PCS, and then forced to pass through a 80- or lOO-mesh stainless-steel 
screen. The single cell suspenskm thus obtained was centrifuged for five minutes at 1400 rpm, and the cells 
predpftated were collected by removing the supernatant. 

The cells were suspended in RPMI1640 medium containing 10% PCS and 25 uM 2-mercaptoethanol ( 
hereinafter referred to as "ME medium" ). and was centrifuged for five minutes at WOO rpm. The cells were 

15 collected and suspended in ME medium, and an aliquot of the suspension was taken for the measurement 
of the cell concentratk)n by the trypan blue dye-exclusion method. 

The cell suspension was diluted with ME medium, and concanavalln A { hereinafter abbreviated as 
ConA ) was added so that the cell and ConA cor^entratkins were 5 x \(fi/tn\ and 4 ug/ml. respectively. Two 
tenth milliliters of the cell suspenskxi was transfenred to a 96-well plastic microplate and was cultured at 

20 37* C for 48 hours under 5% CO2. Twenty microliters of pHhthymidine ( 0.37 MBq/ml, NET-027A; product 
of New-England Nuclear Co., Ltd. ) was added, and the culture was further continued for 20 hours. 

The cultured cells were collected on a glass filter by the use of a cell harvester (product of Skatron Co., 
Ltd.) and dried, and the radk)activity irtcorporated into the cells was measured with a liquid scintillation 
counter using a liquid scintillator (Econofluor, NEF-941: product of New-England Nuclear Co.. Ltd.). Triplk:ata 

25 experiments were conducted both in the preserx:e and in the absence of ConA, and the ratio of the two 
averages - Stimulation Index ( S.I. ) - was calculated: 

g J _ Radioactivity incorporated in the presence of ConA (cpm) 
30 ' ' Radioactivity incorporated in the absence of ConA (cpm) 



Test Method 4 ( Measurement ol antitunrwar activity against mouse tumors ) 

CDF1 mice ( female, six weeks okJ, specifk: pathogen-free ) purchased were bred for at least one day. 
and the hairs on the right abdominal region were removed over an area of 5mm square. Separately, ascitic 
IMC cardnonna ceHs were collected from the peritoneal cavity of CDP1 mouse and subjected to centrifugal 
washing with HBSS; the number of Ihnng cells contained wa» calculated by the trypan blue dye-exclusion 
40 method; HBSS was added to give a cell concentration of 5 x 10^ ^nl; and 0.1 ml of the ceil suspension was 
injected into the right flank of the mice. 

Beginning fnm four days after the tumor implantation, a solution of DNA in PBS was repeatedly 
administered into and around the tumor every other day for a total of six times; the test animals were killed 
30 days after the implantation; the tumors were cut out. and their weight was measured. 

Test Method 5 ( Test on the efficacy against rat adjuvant arthritis ) 

Male SD rats ( seven weeks oM ) were bred for one week. Separately, lyophilized dead cells of 
Mycobacterium tuberculosis ( Aoyama B strain; product of Drfco Laboratories ) were suspended in sterilized 
50 liquid paraffin ( Meric & Co.. Inc. ) at a concentration of 5 mg/ml, and 0.1 ml of this suspension was injected 
into a hind-leg pad of the above test rats under ether anesthesia to induce adjuvant arthritis. A solution of 
DNA in PBS was then administered subcutaneously I, 3. 5, 7. 9 and II days after adjuvant administration. 

The extent of secondary inflammation was determined by measuring the volume of footpad; the position 
7 mm above the knee joint of the untreated hind leg was mariced. and the footpad volume under tills 
55 marked position was measured with a plesthymometer. Inflammation index was defined as tt)e fractional 
increase (%) of the footpad volume as compared to tiiat on the day of adjuvant Inoculation. 

Test Method 6 ( Test of efficacy on MRITMPJ-lpr moose autoimmune disease model ) 
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A sotutkxi of DMA in PBS was administered to MRL/MPJ-tpr mice ( femato» six weeks old ) 
subcutaneously three times per week, and the anr>otint of protein in the urine was cakrutated from the urine 
vokjme excreted during 16 hours and the protein concentration therein. 

6 Test Method 7 ( Acute toxicity test in mice ) 

DNA or RNA was administered to ICR mice ( 10 mice per group ) intravenously flv ) or Intraperitoneally { 
Ip ), and the number of living mice was counted 24 hours after administration. Graphs were made in which 
the ratio of living mice was plotted against the amount of DNA or RNA administered, and the amount of 
70 DNA or RNA per body weight that will kill half of the mice was estimated - LD50 ) mg/kg ). 

Test Method 8 ( Test of efficacy against mice infected with LP-BM5 viruses ) 

Stock solution of LP-BM5 vinjses ( 0.5 ml ) was injected intraperitoneally to each of C57BU0 mice ( 
15 five weeks old ). From the next day. mtee vwe fed with drinking water ad libitum to which azkJothymidine ( 
AZT) used as a control drug, was added at a concentratkxi of 0.5 mg/ml. DNA was administered 
intraperitoneally every day in an amount of I mg as a solution in PBS. Five weeks after the virus infection, 
the spleen cells obtained from the mice were suspended in RPMI1640 medium containing 10% FCS at a ceH 
concentration of I x lO'Anl. After culturing the ceUs at 37* C for 20 hours under 5% CO2 in the presence of 
20 IL-2 ( 1000 U/ml. a product of Genzyme Corp.). NK cell activity was measured. 

Test Method 9 ( Quantitation of DNA ) 

DNA was dissolved in 0.2mM phosphate buffer ( pH 7.0 ), and the absorbance at 260 nm wbs 
2S measured with the same buffer used as reference; DNA concentration was determined by assuming that thft 
concentration of Dt^ that gave an absorbance of 1 was 20 ug/ml. 

Example 1 ( Preparation of tablets containing, as active ingredient a singte-stranded, linear DNA of this 
invention )~ ' 

30 

A mixture of 5 g of sodium salt of a single-stranded, linear DNA ( Sequence 1 ). 53 g of lactose, 50 g of 
com starch and 35 g of crystalline cellulose was kneaded with a sdution of 5 g hydroxypropyteellutose in 10 
ml water to form granules, which were dried at 50**C for four hours. Magnesium stearate ( 2 g ) was then 
admixed, and the mixture was compressed into tablets ( each weighing 200 mg ) by the use of a tabletting 
35 machine. 

Example 2 ( Preparation of capsules containing, as active ingredient, a single-stranded, linear Df^ of this 
invention ) 

40 A mixture of 5 g of sodium saft of a single-stranded, linear DNA ( Sequence i ), 124 g of lactose. 90 g 
of com starch, 70 g of crystalline celkilose and 11 g of magnesium stearate was filled into hard gelatin 
capsules (300 mg In each ) by the use of a capsule filling machine, thus giving capsules. 

Example 3 < Preparation of parenteral injecttons containing, » active ingredient a single-stranded, linear 
45 DNA cl th&lnyqrtkin }. 

One gram of sodium salt of a single-stranded, linear DNA ( Sequence 1 ) and 0.5 g of sodium chloride 
were dissolved in 1 liter of distflled water for injectkxi. and the mixture was filtered and steriBzed, thus 
giving injections. 

so 

Example 4 

The fact that DNAs containing palindromic structure have stronger immunopharmacok)gical activity than 
those containing no palindromic structure was demonstrated by the following experiments. 
59 A single-stranded, linear DNA ( Sequence 1 ) with a base number of 45 containing a palindromic 
structure ( GACGTC ) had a strong activity to augment the mouse NK-cell activity ( Table 1 ). ki contrast, a 
single-stranded, linear DNA ( Sequence 2 ) with a base number of 45 containing no palindromic structure 
had a weaker activity to augment the mouse NK-cell activity { Table 1 ). 
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Table 1 



10 



IS 



20 



Test Sample 


Number of Bases 


Concn . 


NK-Cell Activity 


Control 




0 


1 4.3±1 .3 


Sequence 1 


45 


10 


26.4i2.6 






50 


56.013.4 






100 


65.3±4.1 






500 


60.4±3.9 


Sequence 2 


45 


10 


14.1±1 .1 






50 


15.0±2.0 






100 


20.0±2.2 






500 


17.9*2.1 



25 



30 



"Concn." means the final concentration of DNA { }xg/ml ) 
during the mouse spleen cell culture. 
"Control" means the case in which the spleen cells 
were cultiired in a medium containing no DNA* 



Comparison made between two DNA motecutes ( Sequence 3 and Sequence 4 ) wHh a t>ase number of 
30 ( partial structures of Sequence 1 ) mdicated that \he DNA containing a palindromic structure ( Sequence 
3 ) had a stronger activity to augment tfie NK-ceU activity than the DNA containing no palindromic structure 
36 { Sequence 4 ) ( Table 2 ). 



Table 2 



40 


Test Sample 


Number of Bases 


NK-Cell Activity 


Control 




14.8±0.4 




Sequence 1 


45 


57.1t2.2 


46 


Sequence 3 


30 


45.9±2.1 




Sequence ^ 


30 


15.0±1.4 



50 



Each DHA was added to spleen cells to give a 



final concentration of 60 ^g/ml. 



The DNA ( Sequence 5 ). which was of much the same structure as the DNA ( Sequence 3 ) except 
66 that the array of two adjacent nucleotides (GT) in the palindromic structure was replaced with an array of 
reversed nucleotide sequence (TQ), had a weaker activity to augment the NK-cell activity than the DNA ( 
Sequence 3 ) ( Table 3 ). However, the DNA (Sequence 6 ). which was of much the same structure as the 
DNA ( Sequence 3 ) except that the array of two adjacent nucleotides (GT) in the portion other than ttie 
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palindromic strudurMW replaced wrth a reversed sequence of nudectides (TG), had a strong actMty to 
augment the Hf^ro^ activity lifca the DNA ( Sequence 3 ) ( Table 3 ). 

The DNA < Sequence 7 ), which is of much the same structure as the DNA ( Sequence 3 ) except that 
one nucleotide (C) In the palindromic structure is lacking, had a markedly weaker activity to aagn>ent the 
9 NK-ceB activity than the DNA ( Sequence 3 ) ( TdWe 3 ). However, the DNA ( Sequence 8 X which is of 
much the same structure as the DNA { Sequence 3 ) except that one nucieotkJe (C) in the portion other than 
the paiindromk: structure is lacking had a strong activity to augment the NK-cell activity like the DNA ( 
Sequence 3 ) ( Table 3 ). 

The DNA ( Sequence 9 ), which is of much the same structure as the DNA ( Sequence 3 ) except that 
TO the palindromic structure is translocated to the 5'-termlnal. had as strong an activity to augment the NK-cell 
activity as that of the DNA ( Sequence 3 ) ( Table 3 ); however, the DNA ( Sequence K) ). in whkii the 
paiindromk: structure is translocated to the central position, had a stronger activity to augment the. NK-cell 
activity than that of the DNA ( Sequence 3 ) ( Table 4 ). 

Table 3 



Test Sample Number of Bases NK-Cell Activity 



20 
29 
30 


Control 
Sequence 3 
Sequence 5 
Sequence 6 
Sequence 7 
Sequence 8 


14.1t2.0 
30 43.8±2.6 
30 15.8±1,5 
30 45.3±2.3 
29 15.4±U4 
29 50.9±1.9 


35 


Each DNA was added to spleen cells to a 
final concentration of 50 ^g/ml. 






Table 4 


40 


Test Sample 


Number of Bases NK-Cell Activity 


49 


Control 
Sequence 3 
ijequence 9 
Sequence 10 


14.2±0.9 
30 43.4±2.1 
30 45.8±2.6 
30 51.4±2.8 


50 


Each DNA was added to spleen cells to a 
final concentration of 50 ^g/ml. 



It was demonstrated from the above results that the presence of the palindromic structure (QACQTC) 
55. has an Important effect upon the DNA's activity to augment the NK<eil activity, and that a higher activity 
can be obtained If the palindromic structure is located in the central position of the DNA chain. 

Example 5 
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The foltowfng exparimenta demonstrated that the same is Inje of palndromic structures other than the 
one shown in Example 1 (QACGfTC): single-stranded, linear DNAs containing anyi of these paHndromic 
structures exhibited a stronger immunopharmacologicaJ activity than DNAs not containing these structures. 

The DNAs ( Sequences 11 and 12 ), which were of much the same structure as the DNA ( Sequence 3 
) except that the palindrome (GACGTC) was replaced with other types of palindromes (AGCGCT and 
AACGTT). had a strong activity to augment the NK-ceil activity like the DNA ( Sequence 3 ) ( Table 5 ). 



Table 5 

Test Sample Number of Bases NK-Cell Activity 
Control 14.1 ±2,0 
Sequence 3 30 48.8±2.6 
Sequence 11 30 52.3±3,3 
Sequence 12 30 43>7±2,3 

Each DNA was added to spleen cells to a 

final concentration of SO ^g/ml. 

A single-stranded, linear DNA containing no palindromic structure ( Sequence 13) had only a weak 
activity to augment the NK-cett activity, while DNAs ( Sequence 14 through 20 ). which were of much the 
same structure as the DNA ( Sequence 13 ) except that a part of the base sequence was replaced with a 
palindromic structure each had a strong activity ( Table 6 ). 

Table 6 

Test Sample Palindrome NK^-Cell Activity 



Control 






14.3±0.4 


Sequence 


3 


GACGTC 


46.2±1 .5 


Sequence 


13 


Mono 


14.4±1.0 


Sequence 


14 


GACGTC 


49.1*1 .6 


Sequence 


15 


CGATCG 


48.710.9 


Sequence 


16 


ATCGAT 


43.S±1.2 


Sequence 


17 


TCGCGA 


44.310.9 


Sequence 


18 


GCGCGC 


48.410.5 


Sequence 


19 


CGTACG 


42.9±0.7 


Sequence 


20 


CGGCCG 


43.510.9 



Each DNA was added to spleen cells to a 
final concentration of 50 ytg/ml. 
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Exampfe 6 

The foikw^ng experiment demonstrated that DNAs containing a palindromic structure with a base 
number of 8 or 10 aSso have a high immunopharmacological activity. The DNA ( Sequence 21 ) containing a 
palindromic stmcture (QACQTC). and the DNAs ( Sequences 22 and 23 ) containing an expanded 
palindromic structure (GGACGTCC, CGGACGTCCG). had a strong activity to augment the NK-cell activity { 
Table 7 ). However, the DNA ( Sequence 24 ) containing a curtailed GACGTC structure (ACGT) had only a 
low activity. 



10 



IS 



20 



25 



Table 7 



Test Sample Palindrome NK-Cell Activity 



Control 






14.9±1 .0 


Sequence 


24 


ACGT 


15.0±0.8 


Sequence 


21 


GACGTC 


42.3±1 .1 


Sequence 


22 


GGACGTCC 


45.5±2.2 


Sequence 


23 


CGGACGTCCG 


52.611.5 



Each DHA was added to spleen cells to a 
final concentration of 50 ^g/ml. 



30 Example 7 

The fact that the immunopharmacological activity of DNAs containing a palindromic structure depends 
on the molecular length was discovered from the results of the foHowtng experiments. 

Comparison of the activity to augment the NK-cell activity among DNAs ( Sequences 25 through 32 ) 
35 with a palindromic structure in the central position and having a variety of molecular lengths ( numfc)er of 
bases: 6 to 80 ) showed that the activity was observed only in the DNAs having 10 or more bases, 
inaeased with the number of bases, and changed little when the number of bases exceeded 45 ( Table 8 ). 



40 



so 



56 
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Table 8 



Tost Sample Number of Pases NK-Cell Activity 



Control 




14.0±1.0 


Sequence 25 


6 


14.5t0.8 




1 u 




Sequence 27 


15 


28.8t1 .3 


Sequence 28 


20 


37!9±1.2 


Sequence 29 


30 


45.6t2.1 


Sequence 30 


45 


55.3t1 .3 


Sequence 31 


60 


55.0±2.0 


Sequence 32 


80 


57.1±2.4 



Each DNA was added to spleen cells to a 
final concentration of 50 }xg/ml* 



Exainpte 8 

The immunopharmacological activity was observed also In DMAs with murtiple palindromic structures. 

This was denronstrated by testing the activity of the DNAs (Sequences 33 through 36 ) to augment the 
NK-call activity. These DNAs were of much the same structure as the DNA ( Sequence 1 ) except that part 
of the structure was replaced with at least one palindromic structures (GACQTC) ( Table 9 ). 

Table 9 



Test Sample Number of Palindromes NK-Cell Activity 



Control 






14.2±0.6 


Sequence 


1 


1 


27.1±2.3 


Sequence 


33 


2 


32.3t2.5 


Sequence 


34 


3 


39.0±2.5 


Sequence 


35 


4 


46.1±3.0 


Sequence 


36 


5 


50.5t4.2 


Each 


DNA v/as 


added to 


spleen cells to a 



final concentration of 20 ^g/ral. 
The DNAs ( Sequences 37 through 39 ) composed of repeated palindromic structures also had the 
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activity to augment ttw NK-ceH activity ( Table 10 ). 

Table 10 



Test Sample Palindrome NK-Cell Activity 



Control 




^ « 


14.2±0.5 


Sequence 


37 


GACGTC 


45.1±3.2 


Sequence 


38 


CACGTG 


47.6±2.9 


Sequence 


39 


AACGTT 


42.5t3.2 



Each DNA was added to apleen cells to a 
final concentration of 20 u^q/ml. 



Example 9 

The palindrome-containing DNA which carries only guanine and cytostne as component base ( 
Sequence 40 ) and the one which carries only adenine and thymine as component t)ase ( Sequence 41 ) 
had only a weak activity to augment the NK-cell activity ( Table 11 ). 

Table 11 



Test Sample Palindrome Component Base NK-Cell Activity 



Control 










14.4±1.6 


Sequence 


3 


GACGTC 


G, A, 


C, T 


46.3±2.5 


Sequence 


40 


6CGCGC 


G, 


C 


14.9±1.3 


Sequence 


41 


ATATAT 


A, 


T 


14.S±1.4 



Each DNA was added to spleen cells to a 
final concentration of 50^g/ml. 



It was dOTioratrated from the above results that, in order for a DNA to exhibit a satisfactory 
immunopharmacologlcai activity, it must contain at least one palindrome composed of six or more bases: 
the total number of bases contained therein must be ten or more; and the sequences entirely composed of 
repetition of GC- or AT-array are unfavorable. 

Example 10 

Single-stranded, linear ONAs containing palindromic structure induced interferon ( hereinafter abtxe- 
vtated as IFN ) and macrophage activating factor ( hereinafter abbreviated as MAF ). 

The DNA ( Sequence 1 ) containing a palindromic structure with a base number of 45 had an in-vrtro 
activity to induce IFN and MAF from mouse spleen cells, but the activity of the DNA ( Sequence 2 ) without 
palindromic structure was weaker ( Table 12 ). 
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Tablo 12 



10 



15 



20 



Test Sample 


Number of 
Bases 


Concn. 


IPN Titer 
(lU/ral) 


IlAP Activity 
(%) 


Control 




0 


<5 


O.OtO.S 


SGquencc 1 


45 


10 


56 


15.2±1 .1 






100 


362 


25.142.3 


Sequence 2 


45 


10 


10 


0.2±0.7 






100 


22 


10.9±0.S 



"Concn." indicates the final concentration (}ig/ml) 
of DNA added to mouse spleen cells. 



Example 1 1 

Single-stranded, linear DNAs containing pallndronnic structure had an activity to induce colony stimulaN 
25 ing factor < hereinafter abbreviated as CSF ). An intravenous administration of the DNA ( Sequence 1 ) 
containing a palindromic structure with a base number of 45 caused the increase of the serun CSF tiler,, 
which reached its peak six hours after administration ( Table 13 ). such activity was observed with the 
DNA ( Sequence 2 ) without pallridromic structure. 

30 



35 



40 



45 



SO 



Tablo 13 


Test Sample 


Time after Administration 
( hour ) 


Number of-Coloniea 
( 10-5 cells ) 


Control 


0 


2 


SGquencG 1 


1 


4 




3 


10* 




0 


35** 




12 


12* 




24 


3 


Sequence- 2 


1 


2 




3 


2 




6 


3 




12 


5 




24 


1 



56 



Each DNA v/as administered in an amount of 5mg. 
*: p<0.05, p<0.01 ( by Student's t-test ) 
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Example 12 

ConA-stimulatod profiferation of spleen cells was promoted in mice to which 5 mg of the paSndrome- 
containlng ONA ( Sequence 1 ) with a base number of 45 had been administered ( Table 14 ). However, no 
5 such activity was observed with the DMA ( Sequence 2 ) without palindromic structure. 



Table 14 



to 


Test SeuDple 


Days after Administration 


S.I. 




Control 




42.3 




Sequence 1 


1 


76.1** 


16 












2 


66.7* 






3 


47.9* 


30 


Sequence 2 


1 


45.5 






2 


43.1 


35 




3 


42.0 



*: p<0.05, **: p<0.01 ( by Student's t-test ) 



The above results demonstrated that DMAs containing palindromic structure exhibit a valety of 
30 immnopharmacological activities. 

Example 13 

When the palindrome-containing DNA ( Sequence 1 ) with a base number of 45 was administered to 
35 mice bearing IMC carcinoma tumors, dose-dependent suppression of the tumor wei^ ( namely, antitumor 
activity ) was observed ( Table 15 ). However, the DNA ( Sequence 2 ) with a base number of 45 without 
palindromic structure had only a weak antitumor activity ( Table 15 ). 



40 



45 



50 



55 
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Table 15 



Test Sample 


Dose 


(/eg) 


Tumor Weight 
Tq±SD) 


^ Suppression 


Control 




0 


2.55±1 .20 


0 


Sequence 1 


10 


X 6 


1 .85±0.91 


27 




100 


X G 


0.2510.62 


90 


Sequence 2 


10 


S 


2.4611 .30 


4 




100 


X 6 


2.15*1 .16 


16 



IMC carcinoma cells were Implanted to CDFl mice (each 
group consisting of eight heads ), and, beginning from 
four days after implantation, the test samples were 
administered intratiunorally every other day for a total 
of six times. The tumor weitht was measured 30 days 
after implantation. 

Example 14 

The single-stranded, linear ONA ( Sequence 1 ) containing a palindromic structure was effective In 
suppressing the secondary inflammation in rat acfiuvant arthritis model ( Table 18 ), while no such activity 
was observed with the DNA ( Sequence 2 ) without palindromic structure. 







Table 1 


3 






Tbst Sample 




Inflamnaticn Irde:: (^j) 




10 Days 


14 Days 


17 nays 


21 Days 


20 Days 


Control i 


9.812.0 


43.7*5.2 


55.8t8.1 


65.7±G.4 


59.1 ±3.7 


Sequenoo 1 


2.1±1.3** 


30.3±3.2* 


33.2±5.5* 


49.2±5.G* 


52.8±9.3 


Sequanoe Z ' 


8.2±2.5 


42.2±5.3 


54.7±7.6 


62.2±8.2 


56.1±5.3 



The extent of secondary inflammation after adjuvant 
injection is expressed by the fractional increase in 
footpad volume. 



The dose of DNA was 2 mg/rat. *t p<0.05» *♦» P<0.01 
( Student* s t-test ) 
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Example 15 

Administratton of the singte-stranded. linear DNA ( Sequence 1 ) containing a paiindroniic structure to 
the autoimmune disease model. MRUMPJ-lpr mice which suffer spontaneous outbreak of such diseases, 
5 suppressed the amount of protein excreted in the urine ( Table 17 ). However, no such activity was observed 
with the DNA ( Sequence 2 ) without palindromic structure. 



Tabic 17 



10 


Test Sample 


Dose 


Protein Content 


in the Urine (ng) 




(rag /kg) 


At the Start 


After 4 V/eeks 


IS 


Control 


0 


0.7±0.5 


4.0±2.6 




Sequence 1 


0.03 


0.7±0.5 


3.1±1 .8 






0.3 


0.7+0.5 


3.3±1.8 


20 




3 


0.6±0.4 


3.5±1 .3 




Sequence 2 


0.03 


0.7±0.6 


4.1 ±2«3 


2S 




0.3 


0.5±0.4 








3 


0.7+0.5 


3,9i3.0 


30 




Table 17 ( contd. ) 




35 


Test Sample 


Dose 


Protein Content 






(mg/kg) 


After 8 Weeks 


After 12 Weeks 




Control 


0 


7.1±13.5 


13.6±22.2 


40 


Sequence 1 


0.03 


2.5±3.1 


4.5±6.1 






0.3 


1 .7±1.1* 


8.6±12.3 


4S 




3 


3.2±5.8 


9.7±16.1 




Sequence 2 


0.03 


7.3t9.5 


12.6±6.2 






0.3 


5.8±5.2 


10.7*12.3 


SO 




3 


5.4±4.0 


13.0±18.8 



*: p<0.05 ( Student's t-tgest ) 

56 The above results demonstrated that synthetic DMAs containing palindromic structure have not only 
immunopharmacological activities but also therapeutic effects on various diseases which are known to be 
susceptible to dnjgs with immunopharmacological activity. 
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Example 16 

There was little difference in the activity to augment the NK-cefl activity t}etween ttie single-stranded, 
linear DMA ( Sequence 1 ) and the double-stranded, linear ONA ( Sequence 42 ) which was composed of 
6 the above DNA ( Sequence 1 ) end a second single-stranded, linear DNA with a complementary sequence 
to that of the fbnmer ( Table 18 ). 



Table -13 



Test Sample 


Concn. (;ig/ml) 


NK-Cell Activity 


Control 


0 


14.2±0.5 


Sequence 1 


10 


21 .6±1 .2 




100 


44.0±2.1 


Sequence 42 


10 


19.9±1.5 




100 


47.5*3.7 



29 

Example 17 

Among the ONAs ( Sequences 43 through 48 ) containing the same palindromic structure (QACQTC), 
the DNA ( Sequence 43 ), whose sequence other than the palindromic structure was a simple repetition of 
30 deoxyguanylic acid, had the strongest activity to augment tiie NK-cett activity ( Table 19 ). 

Table 19 



Tost sample oggg^^gf n^g.^hi^Sraf.^j^^^g^^ ^"^^^^ Activity 





Control 




13,3±0,9 




Sequence 43 


G 


54.4±2,4 


40 


Sequence 44 


A 


32.1±1 .7 




Sequence 45 


T 


28*9±1.2 




Sequence^ AS 


C 


16,5±0.9 


46 


Sequence 4T 


GC 


25.0±1.0 




Sequence 48 


GA 


2S.0±1 .1 



Each DNA was added to spleen cells to a 
final concentration of 50 ^g/ml* 



56 Example 18 

DNAs containing tiie 5*-CQ-3' stnjcture irr tiie pafindromic structure had a stronger activity to augment 
the NK-cell activity tiian those witiiout the 5*-C6-3' structure ( Table 20 ). 
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Tibbie 20 





Tost Sample 


Palindrome 


HK-Cell Activity 


5 


Control 






12.d±0.6 




Sequence 


1 T 


AACGTT 


50.0±1 .8 


10 


Sequence 


•1 o 
1 Z 


AGCGCT 


43.2±1 .9 




Sequence 


AO 


CGATCG 


47.7±1 .4 




Sequence 


C f\ 
DU 


ATCGAT 


47.0±1 .6 


75 


Sequence 


tz. 1 


TCGCGA 


47.0±2.0 




Sequence 


C *3 


GCGCGC 


46«9±1.2 




Sequence 


C 'i 

DO 


CGTACG 


46.6±1 .9 


20 


Sequence 


C A 


AGCGCT 


45.7±1 .0 




Sequence 


e e 

55 


CGGCCG 


44«2±1 .7 


25 


Sequence 


3 


GACGTC 


42.1±1 .5 


Sequence 


5o 


GTCGAC 


42.0±1 .3 




Sequence 


57 


CGCGCG 


40.1±1 .4 


30 


Sequence 


58 


ACGCGT 


39.5±1 ,5 




Sequence 


5y 


AAGCTT 


20,1±0.8 




Sequence 


DU 


TTATAA 


19.9±0.5 


35 


Sequence 


61 


TATATA 


18,3±0.4 




Sequence 


62 


AGTACT 


18,0±0.7 


40 


Sequence 


63 


GAATTC 


17.7±0.6 


Sequence 


64 


CTGCAG 


17.5±0.5 




Sequence 


65 


AAATTT 


17.5±0.7 


46 


— Sequence- 


66 


CCTAGG 


17.0±0.7 



Each DMA was added to spleen cells to a 
final concentration of 50 ^/ml. 

50 



Example 19 

In mice infected with LP-BM5 viruses ( model animals for immunodeficiency diseases ), the NK-cell 
55 activity of the lymphocytes was not enhanced by IL-2 stimulation unlike in normal mice; however. In the 
virus-infected mice to which the single-stranded, linear DNA ( Sequence 1 ) containing a palindromic 
structure had been administered, IL-2 was able to enhance the NK-cell activity of the lymphocytes ( Table 
21 ). The degree of enhancement was nearly the same as that observed in the IL-2-stimulated lymphocytes 



19 



EP0 468 S20A2 



10 



15 



20 



26 



of normal mica, and the IL-2-stimutalBd lymphocytes of infected mice to which AZT ( azidothymidine, a 
remedy fbr AIDS ) had been administered. But no such effect was observed with the single-stranded, linear 
DNA ( Sequence 2 ) witfiout palindromic structure. 

Table 21 



Mouse 


Administered 
Roinedy 


IL-2 Addition 


MK-Cell Activity 


normal 


None 


- 


7.0±0.9 






+ 


23.5±1.5 


Infected 


Control (PBS) 


- 


1 •1±0,4 






+ 


Kl±0,2 


Infected 


Sequence 1 




5.9±0.Q 






+ 


24.1±1 .4 


Infected 


Sequence 2 




3.3±0.S 








3,5±0.7 


Infected 


AZT 




1.9±1.0 








21«4±0.6 



30 



Example 20 

35 The single-stranded, linear DNA ( Sequence 1 ) containing a palindromic structure augmented the NK- 
cell activity and induced interferon even in SCID mice ( model animals for severe combined im- 
munodeficiency ). but no such effect was observed with the single-stranded, linear DNA ( Sequence 2 ) 
without palindromic structure ( Table 22 ). 

40 



45 



50 



65 
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Tabls 22 



I louse 


Test Sample 


MK-Cell Activity 


IPN Titer (U/ml) 


DAL3/C 


Control 


5.2±0.5 


<4 




Sequence 1 


15.4±0.7 


123 




Sequence 2 


5.4±0.3 


<4 


SCID 


Control 


18.3±1 .0 


16 




Sequence 1 


43.9±1 .5 


256 




Sequence 2 


20.0±1 .1 


16 



Each DNA v/as added to spleen cells to a final 



concentration of 20 ^g/ml. 

NK-cell activity v/as measured at aii EiT ratio of 25il, 



25 tt was demonstrated from the resufts obtained in Examples 19 and 20 that the single-stranded. Ilneaf 
DNAs of this invention containing palindromic stmcture are capat>le of restoring ( at least partiaHy ) the 
immunological functions d immunodeficiency disease model mice. 

Example 21 

30 

Acute toxicity of the synthetic DNAs ( Sequences 1 and 3 ) with a base number of 45 and 30. 
respectively, was remarkably low as compared to that of the synthetic RNA (polyl:C) used as control ( Table 



Table 23 



Test Sample Administration Route LDgg (mg/kg) 



40 


DHA ( Sequence 1 ) 


iv 


>500 






ip 


>1000 




DNA ( Sequence 3 ) 


iv 


>500 


45 












ip 


>1000 




polyl : C 


iv 


8 


50 




ip 


30 



In addition, intraperitoneal administration of each of the synthetic DNAs ( Sequences 10, 11, 12, 14. 15. 
16. 17. ia 19. 20, 21. 22. 23, 24. 26. 27, 2a 29. 30. 31, 32. 33. 34. 35, 36, 37. 38. 39. 42. 43. 44. 45, 49, 
55 50. 51 . 52. 53. 54. 55, 56. 57 and 58 ) to DDY mice ( each group consisting of ten heads ). caused no death 
or body weight loss in any of the mice tested in one-week observation period. 



21 



EP 0 468 520 A2 



SEQUENCE LISTING 

Sequonc« No . : 1 

Length of aequonoo: 45 

Typ« of s«quonco: Nuoloic acid 

Type of Chain : Single-stranded 

Topo I O0y : L i near 

Kind of sequence: Other nuoieio aoid; synthetic DNA 
Features of sequence: P: Contains palindrome (6ACGTC) 
ACCGATGACG TCGCCGGTGA CGGCACCACG ACGGCCACCG TGCTG 

Sequence No . : 2 

Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topology: L inear^ . 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: 

AAAAGAAGTG GGGTGCCCCC ACGATCACCA ACGATGGTGT GTCCA 

Sequence No . : 3 

Length eequenoe: 30 

Type ofr^^uenoe: Nucleic acid 

Type of CHai^n : S i ng i e- Stranded 

Topology: Linear 

Kind of sequence: Other nuoieio acid; synthetic DNA 
Featuree of sequence: P: Contains palindrome (6AC6TC) 
ACCQATGAC6 TCQCC6QT6A CGQCACCAC6 
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Sequ«no« No . : 4 

Langth of aoquenco: 30 

Type of sequence: Nucleic acid: 

Type of Chain : S i ng I e- Stranded 

Topologty: Linear 

Kind of sequence: Other nuoleic acid; synthetic ONA 
Features of sequence: 
66TGACGGCA CCACGACGGC CACCGTGCTG 

Sequence No . : 5 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Single- stranded 

Topologty: LJnear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: 

ACCGATGACT GC6CCGQT6A CQQCACCACG 

Sequence No. : 6 

Lensth^ of eequenoe: 30 

Typr off eequenoe: Nuoleic acid 

Typ* of Chain : Single- stranded 

Topologty: Linear 

Kind of eequenoe: Other nucleic aoid; synthetic DNA 
Features of sequence: P: Contains palindrome (6ACGTC) 
ACCGATGACG TCGCCGTG6A CG6CACCACG 
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Stquonc*" No . : 7 

L«n9th of ««ciuono«: 29 

Typo of toquonoo: Nueloic acid 

Typo of Chain : S i no I e- stranded 

Topolooty: Linear 

Kind of soquonco: Othor nuololc acid; synthetic DNA 
Foaturoo of soquonco: 
ACCGATGAgT C6CC66T6AC 6GCACCAC6 

Soquonco No . : 8 

Lonoth of soquonco: 29 

Typo of soquonco: Nucleic acid 

Typo of Chain : S I ng I o* stranded 

Tcpologty: Linear 

Kind of sequence: Other nucleic aoid; synthetic DNA 
Foaturos of soquonco: P: Contains palindrome (6AC6TC) 
ACCGATGAC6 TCGCC66TGA CGGCACCA6 

Sequence No . : 9 

Lonoth of sequence: 30 

Type of eoquenoa: Nucleic acid 

Typo of^ Cha in : Si no I e- stranded 

Topctogty: Linear 

Kind of sequence: Other nucleic ac i d ; synthetic DNA 
Featuroe of sequence: P: Containe palindrome (6AC6TC) 
6AC6TC6CC6 6T6ACG6CAC CAC6ACCGAT 
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S«qu«no« No . : 1 0 

Length of soquaneo: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I o- Stranded 

Topologty: Linear 

Kind of sequence: Other nucleic ao i d ; synthetic ONA 
Featured of sequence: P: Contains palindrome (GACGTC) 
ACCACGACCG ATGACGTCGC CG6TGACGGC 

Sequence No . : 1 I 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e* stranded 

Topologty: Linear 

Kind of sequence: Other nucleic ac i d ; synthetic ONA 
Features of sequence: P: Contains palindrome (AACGTT) 
ACCGATAACG TTGCCQGT6A CGGCACCACQ 

Sequence No. : 12 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type ..of- Chain : Sing I e- stranded 

Topologty: Linear 

Kind of sequence: Other nucleic acid; syntheticONA 
Features of sequence: P: Contains palindrome (AGCGCT) 
ACC6ATAGCG CT6CC6GT6A CGGCACCAC6 
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Saquonc« No. : I 3 

Length of sa^uence: 30 

Typo of toquonco: Nucloic acid 

Typo of Chain : S i no I stranded 

Topologty: Linear 

kind of aoquanoo: Other nuoleio ao i d ; synthetic DNA 
Features of sequence: 
TCGGTGCAGG 6AATCTCGCA GGACCCGGTC 

Sequence No . : 14 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Si ng I e- stranded 

Topologty: Linear 

Kind of sequence: Other nucleic ao i di synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
TCGGTGGAC6 TCATGTCGCA GGACCCGGTC 

Sequence No. : t 5 

Length of sequence: 30 

Typo of sequenos: Nuoleio acid 

Type of^ C hain : S i ng I e* strandisd 

Topolooty: Linear 

Kind of sequence: Other nucleic ac i d ; synthetic DNA 
Features of sequence: P: Contains palindrome (CGATCG) 
TC6GTGCGAT CGAT6TCGCA GGACCCGGTC 
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Sequtnc« No . : 1 6 

Length of stquenca: 30 

Typo of soquenoo: Nucleic acid 

Type of Chain : S i no I e- stranded 

Topolooty: Linear 

Kind of sequence: Other nucleic acid; syntheticQNA 
Featuree of eequence: P: Containe palindrome (ATCGAT) 
TC6GTGATCG ATATGTCGCA GGACCCGGTC 

Sequence No . : 17 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i no 1 e- stranded 

Topolooty: Linear 

Kind of sequence: Other nucleic ac i d ; synthetic DNA 
Features of sequence: P: Contains palindrome (TC6C6A) 
TCGGTGTC6C GAAT6TCGCA GGACCCGGTC 

Sequence No . : 18 

Length of sequence: 30 

Type ot eequence: Nucleic acid 

Typo of Chain : S i ng I a* Stranded 

Topology: Linear 

Kind of sequence: Other nucleic add; synthetic ONA 
Features of sequence: P: Contains palindrome (GCGCGC) 
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TCGGTQGC6C GCATGTCQCA GGACCC66TC 

Sequence No. : 19 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i n g I e - stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrone (CGTACG) 
TCGGTGCGTA CGAT6TCGCA GGACCCGGTC 

Sequence No . : 20 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Single-Stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGGCCG) 
TC6GTGCGGC CGATGTCGCA GGACCCGGTC 

Sequence No. : 21 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains pailndrone (GACGTC) 
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AAAAQAA6TG 6G6ACQTCTT ACGATCACCA 

Sequence No . : 22 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- Stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Featuree of sequence: P: Contains palindrome (GGACGTCC) 
AAAA6AAGTG 6QQACGTCCT ACGATCACCA 

Sequence No . : 23 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topo logy: Li near 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (C66AC6TCCG) 
AAAA6AAGT6 C66ACGTCC6 ACGATCACCA 

Sequence No. : 24 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I ng I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (AC6T) 
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AAAAGAAGTG 6QAAC6TCTT ACGATCACCA 

Sequence No. 25 

Leno th of sequence; 6 

Type of sequence: Nucleic acid 

Type of Chain : S i na I e- stranded 

Topology: Linear 

Kind of sequence; Other nucleic aoid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
GACGTC 

Sequence No. : 26 

Lenoth of sequence: 10 

Type of sequence: Nucleic acid 

Type of Chain : S i ne I e -stranded 

Topoloey : Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
ATGACGTCGC 

Sequence No. : 27 

Lensttr^r sequence: 15 

Type of sequence: Nucleic acid 

Type of Chain : Sing I e -stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Containe palindrome (GACGTC) 
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CCGATGACGT CGCCG 

Sequenco No . : 28 
Length of sequence: 20 
Type of sequence: Nucleic acid 
Typ« of Chain : S i no I e- stranded 
' Topo logy: Li near 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (QACGTC) 
GACCGATGAC GTCGCCGGTG 

Sequence No . : 29 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Sing I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GAC6TC) 
TGACA6ACCG ATGACGTC6C CGGT6GAC6G 

Sequence No. : 30 

Leng^thr of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : Single-stranded 

Topo I ogy : L i near 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence : P : Con ta ins pal i ndrome (GACGTC) 
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CCAGTGATTG ACAGACCGAT GACGTCGCCG GTGGACGGCT CAGTG 

Sequence No . : 31 

Length of sequence: 60 

Typo of sequence: Nuoleio acid 

Typo of Chain : Single-stranded 

Topology: Linear 

Kind of eequenoe: Other nuoleio aoid; synthetic DNA 

Featurea of sequence: P: Contains pallndrone (GACGTC) 

T6C6ACCCCA GTGATTGACA GACCGATGAC GTCGCCG6T6 GACGGCTCAG TGATAATTTA 

Sequence No. : 32 

Length of sequence: 80 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
CCTCAGTCAC TGCGACCCCA GTGATTGACA GACCGATGAC GTCGCCGGTG GACGGCTCAG 
TGATAATTTA GATAGTACAC 

Sequence No . : 33 

Length of~sequcnce: 45 

Type of sequence: Nucleic acid 

Type of Chain : Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
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Faatura3 of soqudnce: P: Contain* palindroma (GACGTC) 
ACCQATGACQ TCGCGACGTC CGGCACCACG ACGGCCACCG TGCT6 

Sequence No . : 34 

Lanflth of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic add; synthetic ONA 
Features of sequence: P: Contains paiindroffle (GACGTC) 
ACCGATGACG TCGCGACGTC CG6ACGTCCG • ACGGCCACCG TGCTG 

Sequence No . : 35 

Length of sequence: 45 

Type of sequence: Nucleic aoid 

Type of Chain : S I no I e-strianded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
ACCGATGACG TCGCGACGTC CGGACGTCCG GACGTCACCG TGCTG 

Sequence No. : 36 

Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : S I ng I e-straixied 

Topology: Linear 

Kind of sequence: Other nucleic aoid; synthetic DNA 
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F#atur«« of $oquonc«: P: Containa palindromo (GACGTC) 
ACCGATGACG TCGCGACGTC CG6ACGTCCG 6ACGTCACC6 ACGTC 

Sequence No . : 37 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Featurea of sequence: P: Contains palindrome (GACGTC) 
6ACGTCGACG TC6ACGTCGA CGTCGAC6TC 

Sequence No . : 38 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (CACGTG) 
CACGTGCACG T6CACGTGCA CQTGCACGT6 

Sequenr^r No. : 39 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ne I e-s t randed 

Tcpo I ogy : L I near 

Kind of sequence: Other nucleic acid; synthetic ONA 
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Features of sequence: P: Contains palindrome (AACGTT) 
AACGTTAACG TTAACGTTAA CQTTAACGTT 

Sequence No , : 40 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: Pr Contains palindrone (GCGCGC) 
GCGCGCGCGC GC6C6C6C6C GCGCGC6C6C 

Sequence No . : 4t 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sins te-stranded 

Topology : Linear 

Kind of sequence: Other nuoleio aoid; synthetic ONA 
Features of sequence: P: Containe paiindroae (ATATAT) 
ATATATATAT ATATATATAT ATATATATAT 

Sequence No.: 42 

Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of chain: Do ub I e- Stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
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Faaturot of soqueneo: P: Contains palindroma (GACGTC) 
5'-ACCGATGAC6 TCGCCGGTGA CGGCACCACG ACGGCCACCG TGCTG- 
3'-TGGCTACTGC AGCGGCCACT GCCQTGGTGC TGCCGGTGGC ACGAC- 

Sequence No . : 43 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S t no I e-s t r and ad 

Topoloey: Linear 

Kind of sequence: Other nuoleie aoid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
G66G6G6GGG 6G6ACGTCGG GG6GGGGGGG 

Sequence No . : 44 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrono (GACGTC) 
AAAAAAAAAA AAGAC6TCAA AAAAAAAAAA 

Sequence No . : 45 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of sequence: Other nucleic acid; synthetic DNA 
Feature* of sequence: P: Contains palindrome <GACGTC) 
TTTTTTTTTt TTGACQTCTT TTTTTTTTTT 

Sequence No . : 46 

Lenoth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i no t e-s t r and ed 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
CCCCCCCCCC CCGACGTCCC CCCCCCCCCC 

Sequence No . : 47 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Typo of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains pa N ndrome (GACGTC) 
GCGC6C6CGC 6CGACGTCGC GCGCGCCCGC . 

Sequence No . : 48 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of ssquance: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GAC6TC) 
6AGAGAGAGA GAGACGTCGA GAGAGAGA6A 

• 

Sequence No . : 49 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S I ns i e-$t randad 

Topology: Linear 

Kind of sequence: Other ^nucleic aoid; synthetic ONA 
Features of sequence: P: Contains palindrone (CGATCG) 
ACCGATCGAT CGGCCGQTGA CGGCACCAC6 



Sequence No . : 50 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic aoid; synthetic ONA 
Features of sequence: P: Contains palindrome (ATCGAT) 
ACCGATATCG AT6CCG6TGA CGGCACCAGG 

Sequence No, : SI 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (TC6CGA) 
ACCGATTCGC GAGCCGGT6A CGGCACCACG 

Sequence No . : 52 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ng I e*s t r ended 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (6C6CQC) 
ACC6ATGCGC 6C6CCGGT6A CGGCACCACG 

Sequence No . : 53 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ng I e~s trended 

Topology: Linear 

Kind of sequence: Other nuoleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (C6TACG) 
ACC6ATCGTA CGGCC6QTGA CGGCACCACG 

Sequence No • : 54 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of sequonc«: Oth«r nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (A6CGCT) 
ACCGATAGCG CTQCCGGT6A CGGCACCACG 

Sequence No . : 55 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S I no I e-s t r anded 

Topoloey: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGGCC6) 
ACCGATCGGC CGGCCGGTGA CGGCACCACG 

Sequence No . : 55 

Lenoth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sing le-*8tranded 

Topo I ogy : Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GTCGAC) 
ACCGATGTCG AC6CC6GT6A CGGCACCACG 

Sequence No . : 57 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (C6C6C6) 
ACCGATCGCG CGGCCGGTGA CGGCACCAC6 

Sequence No . : 58 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Si na I e-e t r anded 

Topolofly: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (ACGC6T) 
ACCGATACGC GTGCCGGTGA CGGCACCACG 

Sequence No . : 59 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ng ( e-s t randed 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrone (AA6CTT) 
ACCGATAAQC TTQCCQQTQA CQQCACCACQ 

Sequence No . : 60 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 
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Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (TTATAA) 
ACCGATTTAT AAGCCGGTGA CGGCACCACG 

Sequence No . : 61 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (TATATA) 
ACCGATTATA TAGCCGGTGA CGGCACCACG 

Sequence No . : 62 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topo I ogy : Li near 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (AGTACT) 
ACC6ATA6TA CT6CCG6TGA CGGCACCACG 

Sequence No* : 63 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topo I ooy : L i near 
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Kind of saquenoe: Othor nucleic aoid; synthatio ONA 
Features of sequence: P: Contains paiindrome (GAATTC) 
ACCCAT6AAT TCGCCG6TGA CGGCACCACG 

Sequence No . : 64 

Length of sequence: 30 

Typo of sequence: Nucleic acid 

Type of chain: S i no I e-e t r and ed 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CTGCA6) 
ACCGATCT6C AGGCCGGT6A CGGCACCACG 

Sequence No . : 65 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of ssquence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (AAATTT) 
ACCGATAAAT TTGCCGGTGA CGGCACCACG 

Sequence No. : 66 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
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Features of sequence: P: Contains palindrome (CCTAGG) 
ACCGATCCTA GQGCCQQTGA CGGCACCAC6 



Claims 

1. An immunostimulatory remedy containing, as the active ingredient, a single-stranded, linear polydeox- 
yribonucleotide with a base number of 10 to 100 containing at least one structure represented by the 
following general formula: 

5'.X„- • • XaXaX, Yi Y2 Ya • • • Y„-3' (I) 

( wherein n is an Integer from 3 to 50; Xi, X2, Xa, X„ and Yi, Y2. Y3. Y„ are each a 
monodeoxy ribonucleotide; Xi . X2, Xa. * * * and X„ may be the same or different nucleotides; and bases 
in Xi and Yi . in X2 and Y2, in Xa and Ya. In • • • , and in X„ and Yn are complementary with each other 
as defined by Watson & Crick ) or a salt thereof. 

2. An immunostimulatory remedy containing, as the active ingredient a double-stranded, linear polydeox- 
yribonucleotide or a salt thereof, in which at least one single-stranded, linear polydeoxyribonucleotide 
contains at least one structure represented by the general formula (I). 

3. An immunostimulatory remedy as described in Claim 1 or 2, wherein Xi in the general formula (I) is 
deoxyguanylic acid or deoxycytidyltc acid. 

4. An immunostimulatory remedy as described in Claim 1 or 2, wherein the structure represented by the 
general formula (I) is 5*-GACGTC-3' ( wherein G is deoxyguanylic add. A is deoxyadenyllc add. C is 
deoxycytidylic acid, and T is deoxythymidylic add ). 

5. An immunostimulatory remedy as described in Claim 1 or 2. wherein the structure represented by the 
general formula (1) is 5'-AGCGCT-3* ( wherein G is deoxyguanylic add, A is deoxyadenySc add, C Is 
deoxycytidylic acid, and T is deoxythymidyBc add ). 

6. An immunostimulatory remedy as described in Claim 1 or 2. wherein the structure represented by the 
general formula (I) Is 5'*GATATC-3' ( wherein' Q Is deoxyguanylic add. A is deoxyadenyllc add. C is 
deoxycytidytic acid, and T is deoxythymidyGc add ). 

7. An immunostfmulatory remedy as described in Claim 1 or 2 . wherein the structure represented by the 
general formula (I) is 5'-AGGCCT-3* ( wherein G is deoxyguanylic add, A is deoxyadenyllc add. C is 
deoxycytidytic add, and T is deoxythymidyKc add ). 

& An immuostimdaiory remedy as described in Claim 1 or 2. wherein the structure represented by the 
general formula (I) is 5'-ACQCQT-3* ( wherein G is deoxyguanylic add. A is deoxyadenyllc add, C is 
deoxycytidylic acid, and T is decxythymidyfic add ). 

9. An immunostimulatory remedy as described in Claim 1 or 2, wherein the structure represented by the 
general formula (I) is 5*-CGATCG-3* ( wherein G is deoxyguanylic add, A is deoxyadenyllc add, C is 
deoxycytidylic acid, and T is deoxythymidylic add ). 

10. An Immunostimulatory remedy as described In Claim 1 or 2 . wherein the structure represented by the 
general formula (I) is 5'-ATCGAT-3* ( wherein G is deoxyguanylic add, A is deoxyadenyllc add. C is 
deoxycytidylic acid, and T is deoxythymidylic add ). 

11. An immunostimulatory remedy as described in Claim 1 or 2 , wherein the structure represented by the 
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QWWral formuio (0 is 5'-TCQCQA^' ( wfMrein Q is deoxyguanylc acid, A is dooxyadanylc add C is 
deoxycytldyilc ackf. and T Is deoxylhymidyHc add ). 

U An immunostinHilatory reriMdy as described in Claim 1 or 2. wherein ttie stnjcture represented by tti« 
generaJ formula (I) is 5'-AACGTT-3' ( wherein G is deoxyguanyic add. A Is deoxyadenylc add C Is 
deoxycytldylic acid, and T is deoxythymidylic add ). 

ia An immunostlmulalory remedy as described In Oalm 1 or 2 . wherein the stnjcturB represented by the 
general fomiula (I) is 5'-GCGCQC-3' < wherein G is deoxyguanylic add, and C is deoxycytldylic add ). 

14. An immunostimulatory remedy as described in Claim 1 or 2, wherein the structure represented by the 
general formula (I) is 5'-CQTACQ-3' ( wherein G is deoxyguanylic add. A is deoxyadenylc acid, C is 
deoxycytldylic acid, and T is deoxythymidyHc add ). 

15. All immunostimulatory remedy as described in Claim 1 or 2 . wherein the stmctuiv represented by the 
general fonnula (I) is 5*-CQGCCQ-3' ( wherein G Is deoxyguanylic add. and Cis deoxycytldyBc ackj ). 

1& An immunostimulatDry remedy as described in Claim 1 or 2 . wherein the stnicture represented by the 
general fonnula (0 is 5'-GTCGAC-3' ( wherein G is deoxyguanylc add. A is deoxyadenylc acid. C is 
deoxycytldylic acid, and T is deoxythymidylic add ). 

17. An immunostimulatory remedy as described in Claim 1 or 2 , wherein the stnictui« represented by the 
general fonnula (I) Is 5'-CQCQCQ-3' ( wherein G is deoxyguanylic add. and C is deoxycytidylc add ). 

1& An immunostimulatory remedy as described in any of Claims 1 through 17 , wherein the portion except 
the structure represented by the general fonnula (I) Is the repeated stnwtura of deoxyguanylic add. 

ia An immunostimulatory remedy as described in Claim 1 or 2 . wherein the stnjctuie represented by the 
general fonnula (1) contains at least one structure of 5'-CQ-3* ( wherein Q is deoxyguanylic acid, and C 
is deoxycytidytic add ). 

2a An immunostimulatory remedy as described in Claim 19 . wherein the portion except the stnjcture 
represented by the generagi formula (I) is the repeated structure of deoxyguanylc add. 

21. An immunostimulatory remedy as described in any one of Claims 1 to 20, for the relief of malignant 
tumors, infectious dieases. immunodefidency diseases and autoimmune diseases. 
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